Purpose: Liquid biopsy has entered the arena of cancer diagnostics in the past decade and detection of circulating tumor cells (CTC) is one diagnostic component. CTCs in gallbladder cancer (GBC) have hitherto not been comprehensively analysed. Methods and Results: The current study focused on the diagnostic role of CTCs in 27 cases of treatment-naive GBC and 6 normal controls as well as 6 cases of cholecystitis. An EasySep kit featuring negative immunomagnetic bead separation and flow cytometric detection of EpCAM positive and CD45 negative cells revealed CTCs in 25 of the 27 cases. At a cut-off point of ≥1, the CTC count discriminated GBC from controls with a sensitivity, specificity and diagnostic accuracy of 92.6%, 91.7% and 92.3%, respectively. CTC levels in turn correlated significantly with clinico-pathological parameters of cases in terms of known prognostic indicators, with significant diagnostic potential at a cut-off point of >4, to discriminate disease stage I and II vs. III and IV GBC. With a cut-off of >3, the CTC count discriminated tumor stages I and II vs. III and IV and at >6 CTCs could discriminate metastatic vs. non metastatic GBCs with a sensitivity, specificity and diagnostic accuracy of 55. 6%, 100.0% and 85.2, respectively. A review of CTC in pancreatico-biliary malignancies is included. Conclusion: Detection and quantification of CTCs may serve as a non-invasive biomarker for GBC diagnosis in correlation with radiological studies.
Introduction
Gallbladder cancer (GBC) is a frequent malignancy in Asian countries including North India, Pakistan, Japan, and South Korea and South American Countries like Chile, Bolivia and Ecuador (Diehl, 1990) . The prognosis and post-treatment outcome of cases with GBC is dismal. The disease is diagnosed in late stages and no effective treatment options are available. Advanced genetic diagnosis and profiling of tumors has brought forward cancer biomarkers which have been applied for early diagnosis, prediction of treatment response and prognosticating tumor behaviour in various tumor categories, cancer stage and metastatic phenotype (Cohen et al., 2008; Krebs et al., 2011) .
Liquid biopsy, a generic term for detection of tumor derivatives in circulating blood or other body fluids, is a concept which has entered the arena of cancer diagnostics in the past decade. Liquid biopsy comprehensively includes circulating tumor cells (CTCs), circulating tumor DNA (ctDNA), circulating microRNAs, circulating proteins, extracellular vesicles. CTCs and ctDNA are crucial components in the area of liquid biopsy. Apart 1 * from detection of malignancy CTCs have been used in various studies (1) achieving early diagnosis; (2) dynamic monitoring of treatment response (3) evaluating relapse and metastatic risk; (4) studying genetic evolution of the tumor and its heterogeneity (Gao et al., 2016; Nurwidya et al., 2016) . In relation to the Gastro Intestinal Tract (GIT), CTCs have been studied in detail with reference to the above applications in colonic cancers, gastric carcinoma, esophageal cancer, pancreatic carcinomas, hepatocellular carcinoma (Weiss et al., 2013; Zhu et al., 2016; Iwatsuki et al., 2015) . In an extensive review of literature we could find a single study of CTC in tumors of the biliary tract including mostly cholangiocarcinoma with only 3 cases of gall bladder carcinoma (Al Ustwani et al., 2012) . The current study was designed to evaluate the diagnostic role of CTC in GBC as well as correlate CTC in relation to the Clinico-pathological parameters of cases in terms of known prognostic indicators affecting managements of gall bladder cancer.
patients diagnosed with GBC and 12 controls including 6 cholecystitis and 6 normal controls. The mean ± SD age of the normal control, cholecystitis and GBC patients were 35.33 ± 4.08, 37.00 ± 6.54 and 52.63 ± 9.95 respectively. Male to female (M/F) ratio was 5:22 in cancer group, 2/4 in cholecystitis and 3/3 in normal controls. Of the 27 patients with GBC 22 (81.5%) were female, 13 (48.1%) had stage IV disease, with T stage of T3 in 15 (55.6%) and with metastasis in 9 (33.3%). Ethical approval was obtained from Institutional Ethics Committee before recruiting patients. Inclusion criteria were radiologically or cyto-histologically diagnosed cases of GBC having not undergone prior chemotherapy or radiation. Cases were recruited from Surgical Oncology and Gastro Surgery services of our referral hospitals. All participants signed an informed consent. Exclusion criteria included cases who had undergone previous chemotherapy/radiotherapy as well as those with evidence of a significant clinical disorder or laboratory finding (which, in the opinion of the any other investigator would make it undesirable for the patient to participate in the consent to enter the study).
CTCs enrichment from Peripheral blood: Peripheral blood samples (4.0 ml) were collected into sodium heparinized tubes (BD Vacutainer, Cat# 36788, USA) in treatment naive cases after discarding the first 5.0 ml of blood, in order to avoid potential contamination with skin epithelial cells (Wang et al.,2009; Hristozova et al., 2012) . Samples were stored at room temperature and processed within 1-2 hour of the collection.
Tumor cells were enriched directly from whole blood by depletion of hematopoietic cells and platelets with antibodies recognizing CD2, CD14, CD16, CD19, CD45, CD61, CD66b and Glycophorin A surface markers, using a Direct Human CTC Enrichment kit based on magnetic bead separation technique (EasySep®, Stem Cells Technologies, Inc., Vancouver, BC, Canada Cat# 19657) according to manufactures' instructions. Briefly, 100μl of enrichment cocktail was added to 2ml of blood, mixed and incubate at room temperature (RT) for 5min followed by addition of 100μl ofRapidSpheres™ and 500μl of Phosphate buffer saline (PBS) containing 2% fetal bovine serum and 1mM EDTA). After gentle mixing, tubes were placed in aEasySep® magnet and incubated at RT for 10 minute. Cell suspension was transferred to a fresh FACS tube and 100μlRapidSpheres™ was added followed by 10 minute incubation in magnet at RT. Suspension containing enriched sample was poured off in new FACS tube. Same procedure was followed to process another 2 ml of blood.
For staining, fractions containing enriched cell were pooled in one tube and centrifuged at 1400rpm for 10 min at RT. Upper supernatant was discarded, leaving 200µl in the tube and was split into two equal fractions. One tube was stained with 10µl of CD45 (clone TU116, FITCLabelled, B.D.Biosciences, USA) as auto fluorescence tube and other tube was stained with 10 µl of epithelial cell adhesion molecule (EpCAM, clone EBA-1, PE-Labelled, BD Biosciences, USA), 10µl CD45 and 15µl of 7-AAD (B.D Biosciences, USA). Both tubes were incubated in dark for 15 min at RT. All antibody batches were titrated before use to determine their optimal concentration on cell suspension prepared on fresh GBC tissue. After staining, cells were washed with Phosphate Buffer Saline (PBS, pH 7.4) and re-suspended in 500µl of PBS and acquired within 1 hour on a flowcytometer (FACSCalibur: Becton, Dickinson and Co.; San Jose, CA) equipped with a 488-nm blue laser. Acquisition and analysis were performed on Cell Quest Pro software (B.D. Biosciences, USA). Setup and automatic compensation were performed by using commercially available B.D. CalibriteTM 3-color kit beads (Cat # 340486, B.D. Biosciences, USA). The absolute numbers of tumor cells in 4.0 ml of blood were estimated by acquiring the total number of events in the analyzed sample. All the events were acquired on low flow rate. Cell debris and aggregates were excluded through sequential Boolean gating strategy on forward scatter vs. Side scatter, 7AAD vs. forward scatter and CD45 FITC vs. EpCAM PE. CTCs were defined as EpCAM+CD45− events. A blood sample was considered CTC+ when at least one EpCAM+CD45− event detected (Figure 1 ) and no event was detected in the auto fluorescence tube. The reproducibility of the method was tested in 6 (22.22%) cases by performing the experiment in duplicate from the same patient sample. Coefficient of variation (SD and mean) were acceptable giving test reproducibility of 100%.
Statistical Analysis
Statistical analysis was performed using the SPSS (Statistical Package for the Social Sciences) software, version 16.0.The CTC counts were reported as mean, median and interquartile range and other categorical variables were reported as percentages. Association between CTC and clinical and histological parameters were analysed by Kruskal-Wallis one way ANOVA and Mann-Whitney U-test. Association between categorical variables were assessed by chi-square or Fisher's exact test. The Receiver Operating Characteristics (ROC) curve analysis was performed to test the diagnostic potential of CTC count to discriminate GBC cases from control. A cut off value was defined to calculate sensitivity and specificity values defining the curve and the area under the curve (AUC). A p value of less than 0.05 was considered significant.
Results
CTCs were detected in 25/27 (92.59%) of cases with a median of 3.0 CTCs per 4.0 ml bloods (range 0-20). CTC was also detected in 1 (8.33%) controls. CTC count was significantly higher in cases as compared to controls (p=<0.001). The median CTC count was significantly higher and associated with tumor stage, metastasis and disease stage p= 0.024, 0.022 and 0.013 respectively. However median CTC count of node negative vs. node positive GBC was not significantly different (p=0.093). Histopathological grading was available in 14 operated cases of which 7 (50.0%) cases were well differentiated and 7 (50.0%) were poorly differentiated. Cases of PD and WD showed 100% positivity for CTCs, with median count was higher in PD as compared to cases with well differentiated histology, though it was not statistically different (p=0.128) ( Table 1 ).
T1andT2 vs. T3andT4, CTC lymphnode metastasis absent vs. present, systemic metastasis absent vs. present, stage IandII vs. IIIandIV and histological grade WD vs. PD. At a cut-off point of ≥1, CTC count significantly discriminates GBC cases from controls with sensitivity, specificity and diagnostic accuracy of 92.59%, 91.67% and 92.31% respectively. At a cut-off point of ≥3, CTCs count showed significant diagnostic discrimination of
Diagnostic of CTCs
Cut off values was calculated from ROC curves. The cases and controls were adequately separated at a cut-off of ≥1 CTC/4ml blood. Cut-off values were estimated to distinguish prognostic parameters within GBC cases including the tumor stage, lymphnode metastasis, metastasis, stage and histological grade of the carcinoma. (Table 2) . At cut-off point of ≥6 CTCs, CTC count showed significant diagnostic discrimination of non metastatic GBC from metastatic disease with a sensitivity, specificity and diagnostic accuracy of 55.56%, 100.0% and 85.18% respectively and an AUC of 0.772. At cut-off point of ≥4, CTC count significantly discriminates stage IandII vs. III andIV cases with a sensitivity, specificity and diagnostic accuracy of 86.36%, 60.0% and 81.48% respectively and an AUC of 0.836. At cut-off point of ≥4 CTCs, CTC count showed some diagnostic discrimination of well differentiated histology vs. poorly differentiated carcinoma with sensitivity, specificity and diagnostic accuracy of 71.43%, 85.71% and 78.57% respectively with an AUC of 0.745 although p value was borderline at p=0.051 (Table 2 ).
Discussion
The current paper describes a novel study detecting CTC in a large cases series of GBC for the first time using immunomagnetic bead separation for enrichment from peripheral blood and flowcytometric detection. Till date we could come across only three cases of gall bladder carcinoma reported in literature in a series of other biliary cancers mostly cholangiocarcinoma (Al Ustwani et al., 2012) . Side scatter plot to exclude debris (exclusion gate/NOT gate); Plot 2, R2 drawn on Forward scatter vs. 7-AAD to include only viable events which are 7-AAD positive; Plot 3, shows cells in G1 gate = R2 AND NOT R1 on CD45 FITC vs. EpCAM PE, R4 is drawn on bright CD45 positive cells (lymphocyte CD45+, EpCAM -ve) and R3 is drawn around EpCAM + CD45 -ve event (CTCs); Plot 4, is gated on G2=R4 AND R2 AND NOT R1. This plot gives lowest cut-off based on size for lymphocyte on which a further region R5 was made; Plot 5, is gated on G3=R3 AND R2 AND NOT R1. This plot shows CTCs on Forward scatter vs. Side scatter on which further region R6 is created which is exactly same as R5 on X-axis, considering that CTCS would not be smaller than lymphocytes; Plot 6, is gated on G4= R6 AND R3 AND R2 AND NOT R1. This plot shows CTC count after strictly excluding debris, dead cells and events which are smaller in size than lymphocytes. a)shows 18 CTC in Stage IV GBC b) shows 1 CTC in Stage I c) 
Review of CTC Detection and Enrichment Techniques in Gastrointestinal Malignancies
CTCs are extremely rare and occur in peripheral blood in a ratio of about 1 CTC per 10 6 -10 8 leukocytes. Enrichment and their subsequent detection is hence a challenging issue. Since CTC can, in a non invasive way, provide clinically relevant information in cancer follow-up there has been a concerted effort to develop sensitive platforms to isolate, enrich, and analyse CTCs. The process involves two steps: CTC enrichment followed by CTC detection. CTC enrichment has been performed by different techniques: Antibody-based enrichment uses antibodies directed against cell surface markers. Positive immunoselection relies on antibodies directed against cancer cell surfaces markers. The most frequently used antibody is Epithelial Cell Adhesion Molecule (EpCAM) for positive immunoselection. Negative selections deplete leukocytes from the blood sample and usually use CD45-binding antibodies as also done in our cases. Physical/biological assays isolate CTCs on the basis of cell size or bioelectric features. Most CTCs exhibit a larger size and different density, electromagnetic charge and motility than normal blood cells. This allows their separation by dedicated devices (filters, dielectrophoresis), sometimes integrated in microfluidic chips (Autebert et al., 2015; Bobek et al., 2014) . A novel label-free and reusable electrochemical cytosensor for direct detection and enrichment of CTCs was successfully developed based on effective surface recognition between EpCAM and EpCAMaptamer with a low detection limit of 10 cells/ ml (Shen et al., 2016) .
CTC can be detected through proteomic or genomic or on the basis of physical properties. Immunocytochemistry is considered the gold standard for detection and utilizes detection of proteins of epithelial origin to identify CTC. Combined with a morphological examination of the stained cells, the detection rate is highest among prevalent techniques. The CellSearch technique combines an immunomagnetic separation with EpCAM-based enrichment followed by immunocytofluorescence detection utilizing EpCAM and other epithelial markers. CTCs are enumerated on the basis of expression of epithelial cytokeratins, presence of a nucleus and negative CD45 staining. The United State Food and Drug Administration cleared this technique for prognostication of metastatic breast, colorectal and prostate cancers (Lalmahomed et al., 2014) . The potential drawback of this positive selection of CTCs, allows only cells with adequate expression of EpCAM to be separated. Therefore, CTCs with down-regulation of EpCAM resulting in low or absent expression will be excluded. In the current study we have used Direct Human CTC Enrichment kit (EasySep®, Stem Cells Technologies, Inc., Vancouver, BC, Canada) based on magnetic bead separation technique which included markers for hematopoietic cells and platelets with antibodies recognizing CD2, CD14, CD16, CD19, CD45, CD61, CD66b and Glycophorin A surface markers which allowed depletion of leucocytes without removing the CTC. Subsequent phenotypic characterization was done using EpCAM and CD45 staining of the CTC concentrate for flowcytometric detection. This method has resulted in a high sensitivity of CTC detection in GBC with only two cases not showing any CTC. Detection rate of CTCs was 92.59% (≥1CTC/4 ml) with a median of 3.0 CTCs per 4.0 ml of blood. We found CTC ≥2 in 21 (77.8%), CTC ≥3 in 16 (59.3%), CTC ≥ 4 in 12 (44.4%) and CTC≥5 9 (33.3%) patients with gall bladder cancers per 4 ml of blood. CTCs were not found in healthy patients, however one of the patient with chronic cholecystitis showed a single CTC in 4 ml blood. A single cases series of biliary cancers has reported three cases of CTC detection in GBC so far with positive CTC in only one of three cases. However, pancreatico-biliary malignancies, liver malignancies and colonic malignancies have been extensively studied for presence of CTC. Table 3 reviews CTC detection and Enrichment Techniques used in major studies in gastrointestinal malignancies emphasizing differences in methods of CTC analysis in tumors of the biliary tract, pancreas and colorectal lesions. Highest CTC detection rate of 96.1 % was reported in pancreas by Gao et al. using immunobeads for enrichment and immunocytometry for detection (Gao et al., 2016) . Overall immunocytometry based methods show a higher detection rate in pancreatic malignancies with a mean detection rate of 79% in studies reviewed, while the CellSearch system showed a mean positive CTC detection in 25% biliary cancers, 30% pancreatic and 39.05% colorectal cancers. Overall the flowcytometric detection carries a higher detection rate of 74.63% and we have got a very good detection rate using the immunomagnetic bead separation and EpCAM based flowcytometric detection (Table 3) .
CTCs are generally heterogeneous in both phenotype and genotype, and only 2.5% of CTCs develop micrometastasis and only 0.01% develop macrometastasis (O'Flaherty et al., 2012) . In a large study by Allard WJ et al on blood samples from 344 healthy and non-malignant disease subjects and 964 metastatic cancer subjects, less than 1% of the subjects without cancer (n=1) had a positive CTC ≥2/7.5ml of blood (Allard et al., 2004) . It is relevant here to mention that different studies use varying quantities of blood for CTC count hence total number of CTC are not comparable across studies and no standard cut-offs have been defined. It may be a good idea to introduce a convention to give CTC is a specific quantify to peripheral blood, for example 7.5 ml, as taken in the USFDA approved CellSearch methods, which may help establish cut offs. Through an ROC curve analysis (Table  2) , we have found a cut off of 1 CTC/4ml peripheral blood to give a diagnostic sensitivity, specificity and accuracy of 92.59%, 91.67% and 92.31% respectively in GBC. Various thresholds have been used in studies examining the predictive performance of CTC in different cancers, for example studies have put values of 3CTC/7.5 ml for metastatic colorectal cancer (Cohen et al.,2008) , 5CTC/7.5 ml for breast and prostate cancers de Bono et al., 2008) , which may be related to the variation or loss in the expression of EpCAM. We observed that at a cut-off of CTC ≥6, CTC count showed significant diagnostic discrimination of GBC with metastasis from cases with no metastasis with sensitivity, specificity and diagnostic accuracy of 55.56%, 100.0% and 85.18 respectively. The current study reports the role of CTCs in predicting distant metastasis (AUC-ROC, 0.772; p=0.002). Mean (±SD) of CTC count was significantly higher in metastatic phenotype as compared to localized phenotype and was able to also segregate early stage from stage IV GBC. Similarly diagnostic discrimination of early and late T stges, lymph node metastases, stage and grade could be achieved at different cut off values (Table 2) .
Biliary tract cancer cells over express EpCAM (Kawashima et al., 2011) . Ustwani and colleagues, reported detectable CTCs in patients with advanced biliary cancer (Al Ustwani et al., 2012) . Assays were performed in 16 patients including 13 with cholangiocarcinoma (CCA) and 3 with gallbladder cancer. Three of 13 patients with cholangiocarcinoma and one of the 3 with gallbladder cancer were found to have 2 CTC's per 7.5 mL of blood at baseline. All of the patients with detectable CTCs had stage III or IV disease, while 0/3 patients with Stage I-II disease had detectable CTCs (Al Ustwani et al., 2012) . In cholangiocarcinomaYang et al. reported an association of the number of CTCs with more aggressive tumor characteristics and lower survival in CCA patients in a large cohort of 88 cases, which also included correlation with clinical outcome . CTC enumeration was done using the semi automatedCellSearch (Janssen Diagnostics). The authors reported an association between CTC number and aggressive tumor characteristics including increased tumor burden such as size, multinodularity, and locoregional lymph node invasion . On the basis of ROC curves different cut-off values were used in our study for discrimination of tumor stage, nodal status, stage, grade and metastasis. We have observed a significant difference of CTC level between T stage (T1andT2 vs. T3andT4), systemic metastasis (M0 vs. M1), tumor stage (IandII vs. IIIandIV) and nodal metastasis viz N0 vs. N1 +N2. Median CTC level was higher in cases with well differentiated and poorly differentiated histological grade which was associated at a borderline p value of 0.051.
Uchikura K et al. reported CTC in biliary cancer using a completely different technique based on reverse transcriptase polymerase chain reaction (RT-PCR) for carcinoembryonic antigen (CEA) (Uchikura et al.,2002) . Molecular techniques targeting CK19 and hTERT mRNA has also been used by Kim et al to detect CTC in biliary carcinoma (Kim et al., 2012) . The authors found CTCs in 45% patients of cholangiocarcinoma and positive cases were associated with worse overall survival. CTC were utilized to detect recurrence post curative surgical resection (n=53) in cases with pancreaticobiliary cancer using RT-PCR to detect CEA mRNA. Positive CTC status was observed in 75% of relapsed patients but only in 5.4% in disease-free patients, suggesting that it might indicate early relapse (Mataki et al., 2004) . Intraoperative detection of CEA mRNA in cholangiocarcinoma has also been reported to be associated with recurrence and worse survival (Uchikura et al.,2002) .
CTCs are derived from both primary and metastatic sites of tumors in the blood and are therefore more likely to be detected in advanced tumors with multiple sites and increased tumor burden. CTCs have also been detected in early disease, after primary radical surgery, and even in follow-up when clinically detectable tumor or recurrence is not detectable (Gao et al., 2016) . Preoperative CTC values however do not identify patients at risk for early disease recurrence after curative resection of colorectal liver metastases (Lalmahomed et al., 2015) . The half-life of CTCs is 1-2.4 hours (Meng et al., 2004) , they hence reflect the current status of both primary tumors and secondary deposits. Markers may be used to identify tumor cells for example EGFR is expressed in the majority of tumor cells in squamous cell carcinoma of head and neck at the primary site, detection of EGFR expression has been observed in 100% of the CTC. In contrast, phospho-EGFR expression is observed in 36% of the CTC (Hristozova et al., 2012) . Genetic heterogeneity has also been studied in CTC. Subsets of CTCs have been reported to have phenotypes of cancer stem cells (CSCs), which may initiate tumor formation and drug resistance (López-Gómez et al., 2016) . Transformation between CTCs and CSCs has been linked to epithelialmesenchymal transition (EMT) (Mani et al., 2008) .Future perspectives, in view of the new sensitive detection methods, are bright and CTC may find an application in cancer diagnosis in terms of screening, prediction of aggressive nature of disease, prognosis and prediction. In clinical practice CTC evaluation may be useful for differentiating xanthogranulomatous cholecystitis and chronic cholecystitis from GBC as all these may show overlapping radiological features. In the current study we have also observed a significant difference of CTC level between T stage , systemic metastasis, tumor stage and nodal metastasis suggesting its role in prognostication of GBC. We propose that future studies serially quantifying change in CTC during treatment follow up in cases of GBC undergoing treatment may predict response to therapy.
Detection of static and dynamic marker expression in CTC before and after therapy can be investigated in association with disease progression or response to therapy and overall survival (Khan et al., 2016) .
High purity isolation of CTCs and its utility in various downstream genomic analyses, including comparative genomic hybridization, polymerase chain reaction and next generation sequencing (NGS) has been reported. Isolation and characterization of cancer cells can afford a better understanding of genomic changes with cancer progression, address issues of tumor heterogeneity (Premasekharan et al., 2016) . Selection of new targets for personalized therapy, studying tumor sensitive and resistance profiles, NGS, mutational analysis and global gene expression profiling would help is specific diagnosis as well as profiling of driver mutations.
The current study has some limitations relating to the capture method, which relies on EpCAM expression and could miss non-EpCAM CTCs, so the actual CTC number could be underestimated. Paired analysis of EpCAM expression in tumor tissue with CTC enumeration could help us to understand the extent of this limitation. A cocktail of antibodies in flowcytometry including cytokeratin 8, 18, 19 along with EpCAM and CD45 may also help overcome this limitation.
We have earlier looked at circulating free DNA (cfDNA) in peripheral blood of cases with GBC and found high diagnostic sensitivity and specificity in diagnosis of GBC as well as prediction of aggressive behavior of the tumor. Our study using cfDNA levels reported a sensitivity and specificity of 100 % to distinguish cases with GBC from healthy controls while a sensitivity and specificity of 88.24 % and 100 % respectively was seen in discriminating cholecystitis from cases with GBC (Kumari et al., 2017) . Although cfDNA values were several times higher in inflammation as compared to controls they were significantly lower that cases of GBC. In preoperative cases CTC analysis along with data coupled with cfDNA level may increase the sensitivity of GBC diagnosis. EpCAM +ve cells and high cfDNA levels are expressed in all carcinomas. The circulating tumor DNA and DNA from CTC can also be utilized for specific molecular tests like p53 mutation detection thereby increasing the specificity of diagnosis.
Detection and quantification of CTC may serve as a non invasive biomarker for diagnosis of GBC in correlation with radiological studies thereby providing the oncologist with preoperative near definite idea of presence of malignancy with appropriate treatment planning.
